The clinical, radiological, and operative factors of recurrent chronic subdural hematoma (CSDH) were retrospectively analyzed in 116 patients with CSDH in 134 hemispheres, treated by one burr hole surgery. The correlation of recurrence was evaluated with personal and clinical factors such as age, sex, history of head injury, and interval from onset of initial symptoms to hospitalization; laboratory findings such as bleeding tendency and liver function; computed tomography (CT) findings such as hematoma density and brain atrophy; and operative findings such as additional procedures and postoperative residual air. The recurrence group (RG) included 10 hemispheres (7.5%) in 10 patients (8.6%). The interval from onset of symptoms to hospitalization was significantly shorter in the RG than in the nonrecurrence group (NRG). Headache was more frequently seen in the RG than in the NRG. Density of hematoma on CT was classified into five types: Low, iso, and high density, niveau, and mixed, and the incidence of recurrence was 0%, 2.3%, 17.2%, 12.5%, and 6.5%, respectively. Larger amounts of residual air in the postoperative hematoma cavity were associated with recurrence of CSDH. CSDH that progresses rapidly in the acute stage and appears as high density on preoperative CT is associated with a high incidence of recurrence. Intraoperative air invasion to the hematoma cavity should be avoided to prevent recurrence.
Introduction
Chronic subdural hematoma (CSDH) is one of the most common diseases in neurosurgical practice. One burr hole evacuation and irrigation of the subdural hematoma with or without closed-system drainage has been widely accepted as the optimum method for treating CSDH for the last two decades. 3, 4, 9, 10, 14, 18, 19) The most important advantages of this method is that diagnosis requires minimal examination and that a relatively noninvasive procedure results in a satisfactory outcome even for older or high-risk patients. However, all neurosurgeons have experienced some recurrent cases of this disease after treatment with this method, with an incidence as variable as 3% to 20%. 1, 2, 4, 8, 18, 20) Various aspects of recurrent CSDH, such as the patient's condition, the mechanism of growth, clinical and radiological features, and additional operative procedures have been discussed. 2, 5, 11, [16] [17] [18] 20) However, prediction of recurrence remains unattainable. This study reviewed the general and neurosurgical practices used to treat our patients with CSDH and retrospectively evaluated the clinical factors of recurrent CSDH.
Materials and Methods
116 patients with CSDH (134 hemispheres) were treated surgically at our hospital between January 1995 and March 1999. Cases of infantile CSDH and subdural effusion without typical neomembrane were excluded. Recurrence of CSDH was defined as reaccumulation of the hematoma within the postoperative hematoma cavity and the reappearance of neurological symptoms.
On admission, all patients underwent complete neurological examination and various detailed information, such as history of head injury, initial The diagnosis of CSDH was confirmed by computed tomography (CT) obtained on the day of admission in all patients. The presence of uni-or bilateral hematoma, hematoma density, and brain atrophy were evaluated. Hematoma density was classified into five types: Low, iso, and high density relative to the brain, niveau, and mixed. Brain atrophy was classified into three stages: No or mild atrophy, definite atrophy such as dilated sulci, and severe atrophy such as widely dilated sulci and subdural space.
One burr hole surgery under local anesthesia was performed in all hemispheres. Two surgical procedures were used for evacuating the hematoma after one burr hole craniotomy and opening the dura mater. In one method, the hematoma was evacuated after cutting the outer membrane, the cavity was irrigated repeatedly with natural saline, and a closedsystem drainage tube was inserted in the cavity. In the other method, no evacuation and irrigation of the hematoma was performed, as the closed-system drainage tube was inserted into the hematoma cavity immediately after cutting the outer membrane, and the skin was closed.
The drainage tube was usually left in place for 1 or 2 days after the operation. The volume of the hematoma was measured. CT was performed on the first day after the operation, and the level of residual air invading the subdural cavity was classified into three stages: No or mild residual air bubbles, definite residual air, and severe residual air such as almost total replacement with air. All patients were followed up for 3 or more months until the disease was regarded as in remission.
Results
CSDH recurred in 10 hemispheres (7.5%) of 10 patients (8.6%). Reoperation was performed in nine patients, and one patient with obvious reaccumulation of the hematoma and reappearance of mild symptoms was observed over the long term and slowly improved. The difference in the incidence of CSDH recurrence in the eight men (9.5%) and two women (6.3%) was not significant. Mean age (±1 SD) of patients in the recurrence group (RG) (74.2 ± 7.8 years) was not significantly different from that in the nonrecurrence group (NRG) (70.8 ± 11.7 years). Patients in the RG tended to have a history of alcohol abuse (30%) compared with the patients in the NRG (10.4%), but the difference was not significant. No recurrence of CSDH was found in patients receiving anticoagulation or antiplatelet therapy ( Table 1) .
The incidence of head injury in the RG was significantly lower than that in the NRG, and the interval from the onset of first symptoms to hospitalization was significantly shorter in the RG than that in the NRG (Table 1) . Hemisyndromes, psychomotor disturbances, and headache were common as preoperative symptoms (Table 1) . Five of 10 patients (50%) in the RG complained of headache, compared with 28 of 106 patients (26.4%) in the NRG, but there was no significant difference in this small group. Preoperative laboratory studies found gGTP level in the RG was over the normal limit, and in the NRG was within the normal limit, but this difference was not significant. LDH levels in both groups were over the normal limit, but there were no significant differences between the groups. All other results were within normal limits, and there were no significant differences between the two groups ( Table 2) .
One of the 18 patients (5.6%) with bilateral CSDHs experienced recurrence in only one side, and was not significantly different from the nine of 98 patients (9.2%) with unilateral CSDH. The relationship between the density of hematoma on CT and M. Oishi et al.
the incidence of recurrence is shown in Table 3 . The incidence of recurrence in the high-density group (17.2%) was higher than that in any other group, but was not significant. There was no correlation between the incidence of recurrence and severity of brain atrophy (Table 4) . Evacuation and irrigation of the hematoma followed by drainage was performed in 117 hemispheres but only drainage in the other 17 hemispheres. Recurrence was observed in eight sides (6.8%) treated by evacuation and irrigation procedure and two sides (11.8%) treated by only drainage, with no significant difference. The volume of evacuated or drained hematoma in the RG (134.9 ± 50.8 cm 3 ) was greater than that in the NRG (109.4 ± 44.6 cm 3 ), but the difference was not significant. The incidence of recurrence was higher with greater amounts of residual air on postoperative CT (Table 5 ). Severe residual air was found in 14 of 117 sides (12.0%) treated by the evacuation and irrigation procedure, but no sides treated by only drainage.
Discussion
Risk factors for the recurrence of CSDH are generally divided into three categories: Factors associated with patient characteristics, such as age, sex, alcohol abuse, bleeding tendency, brain atrophy, or intracranial hypotension; factors associated with the pathogenesis of CSDH, such as the structure of the neomembrane or the characteristics of the hematoma; and factors associated with surgery, such as timing or additional procedures of irrigation or closedsystem drainage. Age, bleeding tendency, brain atrophy, alcohol abuse, and bilateral CSDHs have been reported as risk factors for recurrence. 2, 5, 9, 20) However, the present study did not confirm these factors as risks.
The incidence of head injury in the RG was significantly lower in our present series, but this could be a misleading finding. Injuries capable of causing CSDH could be so mild that the patients did not notice or remember the incident later. Previously, a higher incidence of head injury was found in recurrent cases. 2, 20) CSDH progressed more rapidly in the period from onset of leading symptoms to hospitalization in the RG than in the NRG. Headache, which indicates rapid CSDH growth causing increasing intracranial pressure, was also a frequent preoperative symptom in the RG. Patients with high-density CT areas had the largest incidence of recurrence. The density of the CSDH is considered to indicate the age of the lesion, and high density is generally considered to indicate that the hematoma involves much fresh bleeding. 2, 15) Niveau consisted of a lowor iso-density upper layer and a high-density lower layer, so could be considered as closely related to the high-density category. Classification of the hematomas into two groups combining the high-Clinical Factors of Recurrent CSDH density and niveau groups, and the low-and isodensity groups showed that the incidence of CSDH recurrence in the former group (15.6%) was significantly higher than that in the latter group (1.7%). These results indicate that CSDH with rapid progression in the relatively acute phase and appearing as high density on CT have a high incidence of recurrence. Similar hypotheses for the mechanism of CSDH growth have been developed based on pathological investigations. 7, 9, 17) Inflammatory reaction in the dural inner membrane evoked by blood in the subdural space leads to the formation of the neomembrane, and the outer membrane of this neomembrane has rich capillaries that repeatedly follow a cycle of microbleeding and fibrinolysis, which contributes to CSDH growth. This pathogeneticbased hypothesis suggests that the neomembrane in recurrent cases is vulnerable and susceptible to repeat microbleeding into the hematoma cavity over the short term, and could explain the high density on CT in our recurrent cases. Consequently, our results strongly support this mechanism of recurrence. Similar results were reported from clinical findings and CT findings of recurrent cases. 2) However, review of preoperative CT and magnetic resonance (MR) imaging of CSDH in 230 patients found no relationship between recurrence rate and CT findings, and that only T 1 -weighted MR images were useful in predicting recurrence. 18) Possibly, there is another mechanism of recurrence.
We consider burr hole surgery to be the best method as initial treatment for this disease because it is relatively noninvasive and applicable to older or high-risk patients although the validity and safety of craniectomy are known. 6) Our results also show that postoperative residual air in the subdural cavity increases the incidence of recurrence. Persistence of the postoperative subdural cavity is a risk factor for reaccumulation of the hematoma, 5, 10, 13, 14) and the presence of postoperative residual air is believed to prevent reduction of the cavity. 2, 12) Therefore, efforts to prevent air from entering the hematoma cavity intraoperatively may be important. Our results could not definitely conclude whether irrigation of a hematoma is really necessary, but possibly irrigation should be avoided to prevent complications due to sudden decreases in intracranial pressure and intraoperative air invasion. 16) Actually, all sides with severe residual air had undergone the irrigation procedure.
In the present study, no factors associated with patient characteristics were confirmed as risks for recurrent CSDH, but some factors associated with the pathogenesis of CSDH and surgery were risks for recurrence. Based on the pathogenesis of CSDH, we conclude that the timing of surgery is important and that CSDH with rapid progression in the relatively acute phase and appearing as high density on CT is prone to recur because of the vulnerability of the capillaries of the neomembrane. Therefore, the operation should be delayed unless severe symptoms are present, and undertaken at a later stage when the CSDH appears as iso or low density on CT. For the operative procedure, one burr hole surgery is the best method for treating CSDH, but avoiding intraoperative air invasion is also important to prevent recurrence.
